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Introduction
slope deformations are one of the most common geodynamic phenomena in slovakia. until the year 2008, there were 21 190 slope deformations recorded in the whole country (Kopecký et al., 2008) .
natural and anthropogenic-induced landslides significantly determine the development of regions where they occur. They represent risk and often cause extensive damage to houses and loss of human lives. hence it is necessary to map and evaluate all aspects of landslide hazards. The most important step in this process is the selection of appropriate methodology vol. 33, no. 1, p. 26-35, 2014 doi:10.2478/eko-2014-0004 followed by landslide susceptibility map. In order to evaluate landslide hazard it is important to determine the causal factors of potential slope instability and landslide occurrence. determination of factors causing the occurrence of slope deformations in the past helps predict the occurrence of new deformations.
The most relevant factors determining the occurrence of landslides are geology (lithology, tectonic, seismic and structural conditions), geomorphological conditions and topography (morphometrical characteristics, slope and altitude), hydrological and climate conditions and factors related to anthropogenic factors represented by landcover structure and land use.
The impact of landslides on geomorphological character of potentially risky areas reflects the character of environment quality -geology, underground water, geomorphology and their mutual interaction as well as interaction with external factors.
Paleogene complexes of fast eroding bunchy flysch represent a good condition for formation of thick deluvial cover. The extensive division of deluvial layers and pre-quaternary substrate material strongly impacted by solifluction processes provide suitable conditions for occurrence of slip planes and activation of landslides. Each slope is characterised by a certain level of activity. decrease in slope stability is often caused by exogenous natural factors such as rainfall anomaly, rock weathering, slope load, seismic activity, slope inclination, bank erosion, etc. Besides nature-induced factors, anthropogenic factors (linear construction activities) also play an important role in landslides activation.
Material and methods
The landslide hazard has been a topic for many research studies like carrara (1983, 1988), carrara et al. (1991, 1995) , Klimeš (2007 ), metelka and Kycl (2007 ), havlín et al. (2009 , 2011 , etc. The studies dealing with landslide hazard at slovak territory are, for example, Pauditš and Bednarik (2002) , Pauditš (2005) , Pauditš et al. (2005) , Pauditš and Bednarik (2006) , Bednarik (2001 Bednarik ( , 2007 Bednarik ( , 2008 , Bednarik et al. (2005) , Jurko (2003 Jurko ( ), magulová (2009 Jurko ( ), dunčko (2011 , etc.
The methodology of landslide hazard assessment using geostatistics and gIs is based on selection of most suitable parameters affecting the slope stability (geology, morphometric parameters, landuse, tectonics, hydrology, etc.). The methods for assessment of landslide hazard could be qualitative or quantitative. Qualitative methods represent assessment of the impact of individual factor on slope stability based on empirical experience. The significant share of quantitative methods is represented by statistical methods. They are based on exact observation of spatial distribution of existing landslides and causal parameters representing independent input variables. The result of statistical evaluation is spatial distribution of regions as a result of the synthesis of input parameters maps with the same level of landslide susceptibility. The most common statistical methods are bivariation and multivariation analysis.
In the presented work, we have focused on multivariation analysis. This method represents mutual combination of input parameters with the spatial distribution of existing landslides data. using the simple spatial overlay of classified input parameters resulted in the creation of homogeneous condition unit (hcu) (clerici, 2002; süzen, doyuran, 2004) . In this case, the individual parameters were not assigned to any weights since the importance of such parameters has been given by its number and frequency of occurrence in various combinations. The result of such analysis is represented by a number of various combinations of hcu. The multivariation analysis also reflects, to some extent, the interactions between the individual input factors within the hcu. Input parameters (lithological units, land use, slope, average annual precipitation and landslides) were not weighted and thus no secondary reclassification or parameter weighting was necessary. The result was represented by the map of hcu. In the next step, the map of hcu was correlated with the map of actual landslide hazard and the frequency of occurrence of landslides within individual hcu calculated. Based on the density of landslides within each hcu we could classify a territory as follows: 1 stable areas (no presence of landslides). 2 conditionally stable areas (areas with potential for landslides when suitable conditions occur). 3−5 non-stable areas (areas with various levels of landslide risk -low, medium, high landslide risk).
Study site and input parameters
The Kysuce region is localised in north-west slovakia on the border with Poland and czech republic (Fig. 1) . according to geomorphological division of slovak territory (mazúr, lukniš, 1986) , the study area belongs to three regions: stredné Beskydy mts (units Kysucká vrchovina mts, Kysucké Beskydy mts), západné Beskydy mts (units Jablunkovské medzihorie mts, moravsko-sliezske Beskydy mts and turzovská vrchovina mts) and slovenskomoravské Karpaty mts (unit Javorníky mts). The most extended is the Kysucká vrchovina mts. Its broken relief is determined by the presence of differentiated erosion-denudation processes that took place during quaternary period. These processes act very differently depending on the structure and lithological properties of rocks. The whole region is built of two main morphostructural units. The southern part belongs to the Klippen, the northern part to the outer Flysch belt. It is characterised by inner heterogeneity, which affects its significant vertical division (the hilly, under-upland/highland relief) (Potfaj, 2003) . The region belongs to cool climatic region, including the moderately cool subregion. local climate is characterised as moderately warm, very humid highlands. The land use is represented by a combination of hilly forest and upland and extensively used agricultural landscape with mostly scattered settlements with original agricultural function referred to as 'kopanice' . The forest is a dominating element in the current landscape structure. In the past, beech was the dominant forest species together with the associated fir. currently, the beech monocultures prevail. mosaics of permanent grasslands (meadows and pastures), terraced fields, forests and non-forest wood vegetation are also present in the area (miklós, Izakovičová, 2006). The input parameters were reclassified in order to unify their spatial extent. The following input parameters were considered: a) Lithology lithology was elaborated using geological map in scale 1:50 000 (Potfaj et al., 2002) . The map of lithology consisted of 29 lithological types, which were reclassified into 7 classes. reclassification was based on similarity of lithogical units and engineering-geological properties of rock. reclassified units are listed in table 1.
The lithology of the Kysuce region represents the territory of almost the whole extent of the Kysuca river basin as far as the Kysuca gate. In the structure of this region, the following units of the western carpathian Flysch Belt take part: the silesian unit, the magura nappe and in the south the Klippen Belt. The silesian nappe reaches the Kysuce region only in the northwest, at surface only the upper part of its bed sequence crops out -from the Istebna sandstones to the Krosno Formation -within the range of the maastrichtian to oligocene. From south on the silesian unit, the magura nappe is overthrust in the form of a complicated imbricated and folded longitudinal body. Its lithofacial content is formed by several bed sequences, which were divided on the basis of their spatial distribution into partial lithofacial -tectonic zones as partial structural units. From north to south, thus, we describe the raca (with two bed sequences), Bystrica and oravska magura partial units. The Klippen Belt as a young tectonic phenomenon joins the magura nappe from the southern side. The contact of both structural units is tectonic and the contact surface is steep. The Klippen Belt in its course incorporates units of paleogeographically heterogeneous origin (magura, Klape, manin, Biele Karpaty units, mostly outside the mapped region).
b) Slope inclination
The slope inclination was derived from digital elevation model with resolution of 25 m. The output raster has been reclassified into six classes (table 2) . slopes with inclination of more than 14° cover 54% of the study area, slopes from 6° to 14° cover 35% of the study area. 
c) Precipitation
The precipitation parameters were interpreted according to hofierka et al. (2002) . This method was based on spatial interpolation of point data representing average annual precipitation using the regularised spline with tension. 
e) Landslides
The landslides represent the most important analytical input parameter. according to clerici (2002), we have used a total length of landslide detachment line. using this approach it is possible to derive statistically more representative values. when analysing a total landslide area, it is possible that accumulation part of certain landslide extends to other lithological unit than detachment line. The original map of landslide localisation (Jezný et al., 2003) 
Results and discussion
In order to assess the landslide risk of the study area, quantitative and partially qualitative definition of causes, development and landslide probability occurrence has been analysed. analytical input parameters consisted of four variables (independent variables) and landslides (dependable variables). statistical analysis resulted in 15 988 combinations of input parameters representing the hcu. From this amount, 2002 were affected by landslides, and the rest of hcus (13 986) were not affected. The total hcu area affected by landslides represents 156.92 km 2 (20.12%). This area has been spatially extrapolated using the causal factors of affected polygons. due to the fact that slope stability is primary controlled by lithology and slope inclination, the result was corrected by hardening the rules of statistical reclassification. Thus, the correction resulted in delineation of conditionally stable areas. They are represented by polygons with conditions suitable for the occurrence of landslides. Following this, additional reclassification was applied to all areas located on flysch with prevailed clay minerals and their mantle deluvia with slope inclination higher than 6°. stable areas covered 623.01 km 2 (79.8%), and conditionally stable areas covered 228.77 km 2 (29.33% out of this area). unstable areas were divided into three levels of landslide risk -low, medium and high risk. low landslide risk represents an area of 111.19 km 2 (14.3%), medium risk 29.7 km 2 (3.8%) and high risk represents 16.01 km 2 (2%) (Fig. 2) . The landslide risk was also aggregated on level of individual cadastral areas (Fig. 3) . The most exposed are cadastral areas of Klubina, Čierne, horelica and svrčinovec villages. medium landslide risk is present mostly in skalité (10%) and also riečnica, svrčinovec and harvelka villages, covering more than 6% of their cadastral area. twenty-five percent of the cadastral area of radôstka village is under low risk. more than 19% under low risk is characterised by zborov nad Bystricou, harvelka, nová Bystrica, horelica, svrčinovec and stará Bystrica villages.
conditionally stable areas cover more than 50% in cadastral areas of olešná II, nová Bystrica and Klubina villages. twenty-five percent of conditionally stable areas are present in cadastral areas of Klokočov, dlhá nad Kysucou, zborov nad Bystricou, radôstka, skalité, lutiše, stará Bystrica, makov, oščadnica, harvelka and riečnica villages. These cadastral areas represent almost half of cadastral areas of Kysuce region. most stable areas are Podvysoká (97%), turzovka (81%), olešná I. (80%), raková, staškov, Korňa, Krásno nad Kysucou villages (more than 70%), Klokočov, horelica, Čierne, dlhá nad Kysucou, svrčinovec, vysoká nad Kysucou, zákopčie, dunajov, turkov and Čadca villages (more than 50%). concerning the analysis of input landslide causal factors, the individual hcus are characterised as follows (Fig. 4) . The largest area under low landslide risk is located on zlín Formation and Bystrica unit. slopes in the range of 14−19° prevail on zlín Formation, while Bystrica unit is characterised by prevailing slopes higher than 19° within this risk class. The prevailing combination in this risk class is coniferous forests and average annual precipitation between 980 and 1050 mm. The medium landslide risk areas are also mostly located on zlín Formation and deluvial deposits with slopes ranging between 14° and 19° and the cover represented by coniferous forests or mosaics respectively. zlín Formation and Bystrica unit prevail on high landslide risk areas with slopes in the range of 14−19° and higher. The prevailing average annual precipitation in this risk class is 1050−1130 mm. landcover is mostly represented by coniferous forests. The conditionally stable areas cover almost one-third of the study area, located mostly on zlín Formation and Bystrica unit and slopes higher than 14°. Prevailing land use is characterised by coniferous forests with precipitation between 980 and 1050 mm. since zlín Formation covers approximately one-third of the study area, it also influences the overall landslide risk assessment. This lithological formation covers the largest area within all landslide risk classes as well as in conditionally stable areas. The most frequent slope class is 14-19°. The higher susceptibility of zlín Formation to landslides is caused mainly by the different geomorphological value of claystone and sandstone sequence. The higher share of claystone results in higher susceptibility of this formation to exogenous degradation processes. They are mostly degradated due to frequent imbitition and drying processes resulting from higher precipitation rates. The most frequent reason for occurrence of slope deformations on flysch is exceeding the strength of claystone and marlstone in weathering zone and increasing water's lift force. Increasing water's lift force is related to decreased evaporation and long-term precipitation during autumn and spring months and snow melt season.
Conclusion
The methodology presented in this study is based on selection of most suitable parameters affecting the slope stability (geology, morphometric parameters, land use, tectonics, hydrology, etc.) . This methodology represents a multivariation approach based on mutual combination of input parameters with the spatial distribution of existing landslides data. The result of such analysis is represented by a number of various combinations of homogeneous conditions units (hcus). The units were then classified according to density of actual landslides as nonstable areas (areas with various levels of landslide risk -low, medium, high landslide risk). Furthermore, areas with no presence of actual landslides but suitable conditions were classified as conditionally stable areas. such approach helps predict the occurrence of new slope deformations in the future and could be used as a valuable decision-making tool in land use planning processes. however, the results should be interpreted with care since they depend to a high extent on the resolution and quality of input data. For instance, in our case, the resolution of the precipitation data was originally downscaled from 1 km grid to the actual resolution of 25 m. Thus, the availability of higher accuracy data, especially digital elevation model and precipitation data, would significantly improve the landslide susceptibility model.
